Abstract. To accurately assess how increased global nitrous oxide (N2O) emission has affected the 10 climate system requires a robust estimation of the pre-industrial N2O emissions since only the difference 11 between current and pre-industrial emissions represents net drivers of anthropogenic climate change.
Introduction

27
Nitrous oxide (N2O) acts as the third-most important greenhouse gas (GHG) after carbon dioxide (CO2)
28
and methane, contributing to the current radiative forcing (Myhre et al., 2013) . Nitrous oxide is also the and lower limits of these parameters were used to derive a range of pre-industrial N2O emissions from 67 terrestrial ecosystems.
68
In this study, the DLEM was used to simulate global N2O emission in the pre-industrial era at a 
75
Finally, our estimates at global-and biome-scales were compared with previous estimates.
76
2 Methodology 77
Model description
78
The DLEM is a highly integrated process-based ecosystem model, which combines biophysical 
93
The N2O module
94
Previous work provided a detailed description of trace gas modules in the DLEM (Tian et al., 2010) .
95
However, both denitrification and nitrification processes have been modified based on the first-order 96 kinetics (Chatskikh et al., 2005; Heinen, 2006) .
97
In the DLEM, the N2O production and fluxes are determined by soil inorganic N content (NH4 + and
98
NO3 − ) and environmental factors, such as soil texture, temperature, and moisture: 
Yang et al. (2015).
111
Denitrification is the process that converts NO3 − into three types of gases, namely, nitric oxide, N2O,
112
dinitrogen. The denitrification rate is simulated as a function of soil temperature, water-filled porosity,
113
and NO3 − concentration NO 3 (g N g -1 soil):
115
where FN( NO 3 ) is the dependency of the denitrification rate on NO3 − concentration (unitless), and α is information at each site can be found in Table 1S . 
where C is concentration (ppb), S is emissions (Tg N), T is atmospheric lifetime (years), t is time (years),
172
and F conversion factor (Tg N ppb -1 ). 
179
The initial N2O concentration in the one-box atmospheric model was set as 275 ppb. 
208
In the DLEM, after the model reached equilibrium state, a spinning-up run was implemented using 
272
We estimated pre-industrial N2O emissions from seventeen countries that are "hotspots" of N2O
273
sources in the contemporary period ( Table 2) 
321
The calculated increase rates of N2O concentrations from model calculation were higher than the observed 
338
Overall, we provide a reasonable estimation of N2O emission from the pre-industrial global soils in the 339 context that the N2O concentration was 275 ppb and lifetime was set as 114 years. The global pre-agricultural N2O emission was estimated as 6.8 Tg N yr -1 based on the regression 342 relationship between measured N2O fluxes and modeled N2O production indices (Bouwman et al., 1993) .
343
This estimate was adopted to retrieve the trends of atmospheric N2O concentration in Syakila and Kroeze
344
(2011). In our study, the pre-industrial N2O emission from natural vegetation was estimated as 5.78 
364
Graph Digitizer (version 2.6.2, Russian Federation). In their study, the estimation was based on the 365 relationship between the crop production and human population during 1500−1970. In contrast, the result 366 in our study was estimated based on the cropland area of specific crop type, mainly soybean, rice, corn,
367
and wheat in 1860.
368
Thus, the DLEM is capable to provide the estimate of N2O emission at regional-and biome-scales 369 with a higher spatial resolution, which could be a useful reference for studying how the LULC change, 
